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COMBINATION OF MATERIAL FOR JOINT PROTHESIS 



This invention relates to an orthopaedic joint prosthesis which comprises first and secontd 
articulating components having respective bearing surfaces in contact with one another. 

Orthopaedic joint prostheses are known for replacement of natural joints such as a hip, 
knee, ankle and shoulder joint. Joint replacement generally involves rernoval of tissue 
from each of tihe articulating bones of the joint, and implantation of prosthesis coanponenis 
in each of the articulating bones. 

It is important that wear of the components of an artificial joint is minimised because weai* 
debris can give rise to adverse physiological reactions. The selection of the materials for 
the joint components is made in such a way that wear is mininiised, and also to ensure ttxat 
the physiological reaction to such wear debris as is created is minimised. 

It is common for a joint prosthesis to comprise components whose mating articulating 
surfaces comprise a metal and a polymer respectively (a "metal-on-polymer" joint). For 
example, the bearing surface on one of the components might coitxprise a cobali-cbrome or 
steel-based alloy and the corresponding bearing surface on the other component might 
comprise a high molecular weight polyethylene. The surfaces of both components are 
finished so that they are smooth. During articulation of the joint, the polymeric component 
is subject to gradual wear, forming fine particles of the polymer. 

Attempts have been made to form joint prostheses in which both of the articulating 
surfaces arc manufactured from metals (a "metal-on-metal" joint). Even with very fme 
finishing to produce smooth bearing surfaces, wear in such prostheses cannot be avoided.. 
The wear inevitably gives rise to the fonnation of metal particles. The metal particles 
resulting from the wear tend themselves to have abrasive properties so that, when present 
between the articulating surfaces, they can give rise to further wear. Furthermore, becauise 
of the simUar hardnesses of the two articulating surfaces (because both are formed ftom. 
metals)^ the wear tends to take place on both surfaces. Although the wear volumes in a 
metal-on-metal prosthesis are less than in a metal-on-polymer prosthesis, the metallic wear 
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particles are very small (for example about 1 00 nm) and consequently high in number. The 
physiological ejEfects of metal wear particles are not fuUy understood. However, there 
clearly remains a desire to reduce the volume and number of v/ear particles further 
compared with some existing systems. 

The presexit invention provides an orthopaedic joint prosthesis in which, the material of one 
of the bearing surfaces comprises a metallic rnaterial and the material of the other bearing 
surface comprises a ceramic material. 

Accordingly^ in one aspect, the invention provides an orthopaedic joint prosthesis which 
comprises first and second articulating components having respective bearing surfaces in 
contact with one another, the material of the first bearing surface comprising a metallic 
material and the material of the second bearing surface comprising a ceramic material, the 
hardness of the metallic material being at least about 2500 MPa, and the hardness of the 
ceramic material being greater than that of the metalhc material by at least about 
4000 MPa, 

The use of bearing stirfiaces formed from metallic and ceraxnic maTerials gives rise to 
significant advantages. The materials allow the formation of very smooth bearing surfaces 
with very accurately controlled geometry so that the sinrfaces can be accurately matched- 
Materials of the two surfaces can be selected with hardnesses that are ^eater than those in 
other joint systems so that the tendency for them to wear during articulation is reduced, and 
with a differential hardness which can ensiire that one of the surfaces is generally able to 
remain smooth dtiring articulation. This in turn can result in low wear of the opposite 
surface. 

The ceramic material of the second bearitxg surface is harder than the metallic material of 
the first bearing surface. For example, it can be preferred for the ratio of the hardness of 
the ceramic material of the second bearing surface to that of the metallic material of the 
first beariixg surface to be at least about 2, more preferably at least about 3 . It can be 
preferred for the difference between the hardness of the ceramic material of the second 
bearing surface and that of the metallic material of the first bearing surface to be at least 
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about 8000 MPa, more preferably at least about 10000 MPa, The differeace will often be 
not more than about 30000 MPa, for example not more than about 20000 MPa or 150OO 
MPa. Hardnesses are measured according to DIN50359. 

Use of a ceramic material that is significantly harder than the metallic material has the 
advantage that the tendency of the ceramic material to wear during articulation is minim- 
ised. Furthermore, the action of the ceramic surface against the metallic surface can polish 
the metalHc surface, so that further wear of the articulating surfaces is kept to a minimuixi. 

Preferably, the hardness of the ceramic material of the second bearing surface is at least 
about 10000 MPa, more preferably at least about 14000 MPa, for example at least about 
15000 MPa, or at least about 20000 MPa or higher. 

Preferably, the hardness of the metallic material of the first bearing surface is at least about 
3500 MPa. The hardness of the metallic material will often be less than about 8000 MPa, 
especially less than about 7000 MPa, for example in the range 4000 to 5000 MPa. 

The ceramic material will generally comprise a dense, hard, crystalline, non-metallic 
material, especially an inorganic material. A bearing material might be formed ftom such a 
material by a process which includes, for example, exposure to high temperature and 
pressure. Examples of ceramic materials include hard oxides. Examples of suitable hard 
oxide materials include aluminium oxide (alutninia) and zirconium oxide (zircouia). 
Zirconium oxide will preferably be used in mixtures with other materials such as one or 
more of aluminium oxide and yttrium oxide. Other ceramic materials include certain 
carbides and nitrides, such as carbides and nitrides of titanium, chromium, silicon, 
alumimum and zirconiiun. 

Metals which can be used to form orthopaedic joint prostheses arc known and can be used 
in the joint prosthesis of the present invention- Examples of such metals include cobalt 
chrome alloys, titanium alloys, and certain stainless steels* 
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Preferably, the surface roughness of the ceramic bearing siirface is not more than about 
0.015 Jim R,, more preferably not more than about 0.01 R,, especially not more than 
about 0.008mn R,, for example not more than about 0.005 fim R,, as meastired using 
conventional surface profilometer apparatus. It is an advantage of the iise of ceramic 
materials in the joint prosthesis of the present invention that they can conveniently be 
finished with such smooth surface properties by readily accessible surface finishing 
techniques using commercially available equipment. 

Preferably, the surface roughness of each of the bearing surfaces is not more than about 
0.05 fim R., more preferably not more than about 0.03 nm R,. for example not more than 
about 0.01 fxtn R,. 

The joint prosthesis of the present invention can comprise first and second components of 
which one has a generally rounded convex bearing surface, and the other is concave and 
can receive the component with the convex bearing surface within it. Some such conca^^e 
components are sometimes referred to as "cup components". Examples of joint prostheses 
with these features include hip and shoulder joint prostheses. In many products, the 
rounded bearing surfaces will be substantially spherical, although it wiU be uiderstood that 
the surface ^11 generally have the configuration of only a part of a sphere. Preferably, the 
component vs^th the convex bearing surfece is the second component and has a ceramic 
bearing surface, the concave component having a metallic bearing surface, although 
alternative constructions can be used in which the component with the convex bearing 
surface is the first component with a metallic bearing surface. 

When one of the components has a rounded (especially spherical) bearing surface, its 
diameter can be up to 60 mm or more. However, it can be preferred for the diameter to be 
not more than about 40 mm, more preferably not more than about 35 mm (for example 
about 28 mm), and can be not more than about 20 mm, for example not more than about 
1 5 mm, and even as low as about 1 0 mm. It is an advantage of the use of the combination 
of hard materials used in the prosthesis of the present invention, and of their combined 
resistance to wear, that they allow the bearing surfaces to be created with smaller transverse 
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dimensions (diameter in the case of a spherical bearing surface) than has been found to be 
necessary when other bearing surface materials are used. 



When the bearing surfaces are spherical, it is preferred that their diameters are controlled, so 
that variations do not exceed about 0.02 nun, more preferably about O.Ol 5 mm, especially 
about 0,005 mm* In the case of the ceramic component at least, it is possible for variations 
in the diameter to be kept below about 0.002 rmn, for example to about 0,001 ram. 

An example of a technique \^ch can be used to provide a component with a bearing 
surface which is spherical and polished involves spinning the component about its axis 
against a cylindrical abrading stone, itself spitming around its axis. The component and. the 
abrading stone are arranged with the angle between their axes about 45 °, and so that their 
axes intersect at the centre of the sphere on the component. The combined rotation of tine 
component and the abrading stone creates a spherical surface provided that the circle of" 
contact covers both the pole and the equator of the sphere. A final polishing step can be 
included to optimise the surface finish. 

The cup component can have a concave internal bearing surface with generally spherical 
configurarion. It is known for such bearing surfaces to have configurations which deviate 
from accurate sphericity, and such deviations might be incorporated into the joint 
prosthesis of the present invention. 

The first and second components of the prosthesis of the invention can be made entirely of 
the metallic and ceramic materials which provide the bearing surfaces. Frequently however 
it will be preferred for the bearing surface materials to provide just a part of the comp- 
onents. For example, in the case of the femoral component of a hip j oint prosthesis, the 
spherical head (which is received in the acetabular cup component) might be formed as a 
solid block of ceramic material, with a tapered hollow forrried in it which can receive a 
tapered pin on the main body part of the femoral component. The body part, with the sxem 
which extends into the rneduUary cavity of the femur, can be formed from a metallic 
material as is known. 
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At least one of the components of the prosthesis might be provided with the bearmg 
material provided as a surface layer. For example, the second component might be fonxied 
generally &om one or more metallic materials, vvith a surface layer of a ceramic material 
which is to provide the bearing surface. The surface layer wiU preferably be at least about 
0.005 mm, more preferably at least about 0.01 nmi, especially at least about 0.05 mm, for 
example at least about 0.1 mm, 0.5 mm, LO ii^m, l.S mm or 2.0 mm or more. It will be 
understood that the surface coating of the ceramic material is such that it has to be 
specifically created on the component, in contrast to surface coatings which are formed by 
processes such as oxidation due to exposure to enviroimiental oxidising agents. The hard- 
ness of a surface layer is measured according to DIN50359. 

One or both of the articulating components can be manufactured as separate parts from 
which the components can then be assembled- For example, when the prosthesis is for lasc 
in a patient's hip, the femoral component can be manufactured as separate stem and headL 
parts, with the head providing the bearing surface. Similarly, the acetabular component can 
be manufactuxed as separate shell and insert (or liner) parts with the insert providing the 
corresponding bearing surface. Separate parts of the components can be fixed together 
using known techniques, including mechanical fixation techniques (especially relying on 
firictional forces between corresponding tapered surfaces). 

An embodiment of a joint prosthesis according to the present invention will now be 
described by way of example with reference to the accompanying d^a^ving. which is a side 
view, partially in section^ through the prosthesis. 

Referring to the drawing, a hip joint prosthesis 1 comprises an acetabular component 2 &xxd 
a femoral component 4. The femoral component includes a head 6 which has a spherical 
convex bearing surface. The acetabular component comprises a metal shell 8 with holes 1 0 
extending through it to acconmiodate screws by which the shell can be fastened into a 
patient's pelvis. 

The acetabular component contains an insert 12 which has a spherical concave bearing 
surface 14. The insert and shell have corresponding tapered surfaces 1 6 which mate 
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together when the insert is inserted into the shell. The insert 15 held in place within the 
shell by fdctional forces between the tapered surfaces. 

The head 6 of the femoral component is formed from medical grade alumina with a 
hardness of about 16000 MPa. The surfiace roughness (KJ of the head is less than about 
0.01 \xm. The insert is formed from medical grade high carbon cobalt-chrome alloy^ with a 
similar surface roughness and a hardness of about 5000 MPa. The diameters of the head of 
the femoral componeni and the insert axe about 28 mm, with a diametral clearance of 
60 ^m. The hardnesses of the materials was measured according to DINS 03 59 using a 
Fisher 4100 system. 

A joint prosthesis as described above was compared with a prosthesis in which the head of 
the femoral component was made from a low carbon cobalt-chrome alloy instead of alu- 
mina to enable comparisons to be made of relative wear rates. The prostheses were tested 
in an appropriate anatomical position in a hip simulator with two axes of motion and one 
axis of loading, as described by Barbour at al in Proc Instn Mech Engnrs, Part H, Vol 213 
(1999). The articulation and loading patterns were in line with what is described by Patil in 
Proc Instn Mech Engnrs, Vol 181, Part3J,pp 8-15 (1967). The prostheses were lubricated 
using bovine serum (25%)» The prostheses were tested for 5 million cycles. The articul- 
ation was interrupted from time to time to collect the lubricant and any wear debris for 
analysis. 

It was found that the wear debris from the ceramic-on-metal prosthesis according to the 
present invention was found to be significantly less than from the prosthesis with metal-on- 
metal bearing surfaces. The metal-on-metal prosthesis showed a high "bedding-in" wear 
rate (3.12 :fc 0.45 mmVlO* cycles) for about the first million cycles, which then settled 
down to a lower steady state wear rate (1.56 db 0.78 mm^/10* cycles). Very low wear was 
detected on the ceramic-on-metai components, amounting to about 0-01 mm^/10^ cycles 
over the course of the entire 3 million cycle test, although the precise amoumt of wear could 
not be measured accurately using available weighing apparatus. Fiuthermore^ substantially 
all of the wear debris frnm the ceramic-on-metal components was metallic. 
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The mean sizes of the particles of wear debris were 18 ± 1 ,37 nin for the ceratnic-ot-metal 
cotnponents, and 30 ± 2.25 ran for the metal-on-naetal components. 
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CLAIMS : 

1 . An orthopaedic joint prosthesis which comprises first and second articulating 
components having respective bearing surfaces in contact with one another, the material of 
the first bearing surface comprising a metallic material and the material of the second 
bearing surface cornprising a ceramic material, the hardness of the metallic material being 
at least about 2500 MPa, and the hardness of the ceramic material being greater than that of 
the metallic material by at least about 4000 MPa. 

2, A prosthesis as claimed in claim 1 , in which the ratio of the hardness of the 
ceramic material of the second bearing surface to that of the metal of the first bearmg 
surface is at least about 2. 



3. A prosthesis as claimed in claim 2, in which the said hardness ratio is at least 
about 3 . 

4. A prosthesis as claimed in claim 1, in which the difference between the hardness 
of the ceramic material of the second bearing surface and that of the metal of the first 
bearing surface is not more than about 30000 MPa. 

5. A prosthesis as claimed in claim 1, in which the hardness of the ceramic njaterial 
of the second bearing surface is at least about 1 0000 MPa. 



6, A prosthesis as claimed in claim I ^ in which the ceramic material comprises a Iiard 
oxide. 

7, A prosthesis as claimed in claim 1 , in which one of the components has a 
substantially convex bearing surface, and the other of the components is concave and caxi 
receive the component with the convex bearing sxarface within it. 

8, A prosthesis as claimed in claim 7, in which the second component has the con^^ex 
bearing surface and the first component is concave. 
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9. A prosthesis as claimed in claim 1, in which the material of the bearing surface of 
at least one of the components is provided by a surface layer. 

10. A prosthesis as claimed in claim 9, in wliich the thickness of the svirface layer is at 
least about 50 ixva. 



11. A prosthesis as claimed in claim 1 , in which the surface roughness of each of tHe 
bearing surfaces is not more than about 0-05 ^m. 



(12) INTERNATIONAL APPLICATION PUBLISHED tnVDER THE PATENT COOPEItATl ON TREATY (PCX)' 



(19) World Intellectual Property Oi^anization 

International Bureau 

(43) International Publication Date 
15 March 2001 (15.03.2001) 




PCX 



(10) International Publication Number 

wo 01/17464 Al 



(51) International Patent Classification^: A61F 2/32, 2/30 

(21) International Application Number: PCT/GBOO/03428 

(22) International Filing Date: 

7 September 2000 (07.09.2000) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data/' 

9921 145.0 ^ >^ 8 September 1999 (08.09.1999) GB 
0015 197.7 22 June 2000 (22.06.2000) GB 

(71) Applicant (for all designated States except US): DEPUY 
INTERNATIONAL LIMITED [GB/GB]; St. Anthony's 
Road, Leeds LS 1 1 8DT (GB). 



(72) Inventors; and 

(75) Inventors/Applicants (for US only): FISHER, John 
[GB/GB]; 12 Birch Mews, ^del, Leeds LS16 SISTY (GB). 
FARRAR, Richard [GB/GB]; Hall Green Farrnhouse, 
Hall Green Lane, Norfli Rigiton LS17 ODW (GB). 

(74) Agent: BELCHER, Simon, James; Urquhart-Dyke & 
Lord, Tower House, Menion Way, Leeds LS2 SPA (GB). 



(81) 



Designated States (nationa/J: AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN. CR, CU, CZ, 
DE, DK, DM, DZ, EE, ES, F^, GB, GD, GE. GH, GM, HR, 
HU, ID, IL, IN, IS, JP, KB, KG, KP, ICR, KZ, LC. LK, LR, 
LS, LT, LU, LV, MA, MD, TVIG, MK, MN, MW, IVIX, MZ, 
NO, NZ, PL» FT, RO, RU, SD, SE, SG. SI, SK, SL, XJ, TM, 
TR, TT, TZ, UA, UG, US, TJZ. VN, YU, ZA. ZW. 



(84) Designated States (regionaljz AJRIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Elurasian 



f Continued on next page] 



(54) Title: COMBINATION OF MATERIAL FOR JOINT PROSTHESIS 



O 




(57) Abstract: An orthopaedic joint prosdiesis comprises 
first and second articulating components having respective 
bearing surfaces in contact with one another. The m£Lterial of 
the first bearing surface (14> comprises a metallic material 
and the material of the second bearing surface (6) comprises 
a ceramic material. The hardness of the metallic material is 
at least about 2500 MPa, and tlie hardness of the ceramic 
material is greater than that of the metallic material by at 
least about 4000 MPa. 




wo 01/17464 Al IllilliliPlilillililillillliilllililllii 



patent (AM. AZ, BY, KG, KZ, MD, RU, TJ, TM). European For two-letter codes and other abbreviations, refer to the "Quid- 

patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, OR, IE, once Notes on Codes and Abbreviations" appearing at the begin- 

IX LU, MC, NL, PT, SE), OAPI patent (BF, B J, CF, CG, ning of each regular issue of the PCT Gazette 
CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

^ With international search report. 



11/07 '02 THU 14:37 FAX 44113245238S UDL LEEDS 12)003 



1791'0a03 j 

IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 

1 

Declaration and Power of Attorney 
As the below named Inventors, we hereby declare that: 

Our residence, post office address and citizenship are as stated below 
next to our names. 

We believe we are the original, first and joint inventor of the subject matter 
which is claimed and for which a patent is sought on the invention entitled 
ORTHOPAEDIC JOINT PROSTHESIS the specification of which is attached 
hereto. 

We hereby state that we have reviewed and understand the contents of 
the above identified specification, including the claims, as amended by an 
amendment, if any, specifically referred to in this oath or declaration. 

We acknowledge the duty to disclose all information known to us which is 
material to patentability as defined in Title 37, Code of Federal Regulations 
1.56. 

We hereby claim foreign priority benefits under Title 35, United States 
Code, § 11 9 and/or § 365(b) of any foreign application{s) for patent or inventor's 
certificate listed below and have also identified below gny foreign application for 
patent or inventor's certificate having a filing date before that of the application 
on which priority is claimed: 

United Kingdom Patent Application No. 99211 45.0, filed September 8, 
1999. and United Kingdom Patent Application No. 0015197.7. filed June 22, 
2000, 

We hereby claim the benefit under Title 35, United States Code, § 120 
and/or § 363 of any appncation(s) listed below and, insofar as the subject matter 
of each of the claims of this application is not disclosed in any United States 
applicatlon(s) (isted below in the manner provided by the first paragraph of Title 
35, United States Code, 1 12, I acknowledge the duty to disclose all information 
known to me to be material to patentability as defined in Title 37, Code of 
Federal Regulations, 1.56 which became available between the filing date of any 
such United States application(s) listed below and the national or PCT 
international filing date of this application: 

PCT Application No. PCT/C5BO0/O3428, filed September 7. 2000. 

We hereby declare that all statements made herein of our own knowledge 
are true and that all statements made on information and belief are believed to 
be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code 
and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 
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We hereby appoint the following attarney(5) with full power of substitution 
and revocation, to prosecute said application, ^o make alterations and 
amendments therein, to receix/e the patent, and to transact all business In the 
Patent and Trademark Office connecTed therewith: 



Attorney Name(5): Paul J. Maqinot 
HaroJd C. Moore 
Bruce ^r Bg^m^n_ 
Pavid M. Lockmaj2 
Jeffrey D, Carter 
Michael D. Beck 



Reg. No(s): 




32.722 



Telephone calls should be made to Paul J. Maginot at: 
Phone No.: 317^38-2922 
Fax No.: 317-636-2139 



All written communications are to be addressed to: 



E^UU-MagioDt 
l ^qinot. Moor g & Bowman 
"""Sank One Center/Toyyer 
^4^rT^oQurnont Cirrlf^T-S4;jrte-3QQQ> 
Indianapolis, IN 46204-5115 
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Full name of T** joint inventor. John Fisher ' 



Inventor's 
signature 



= - - ^ ^ 4-?^ Dat e ^^/S-Zc? ^ 

Residence: 12 Birch Mews, Adel, Leeds ^ ^ 



Citizenship; Great Britain 

Post Office Address: Same as above 

Full nam© of a'^'^J^nt inventor: ^hard^iw 




Inventor's 

signatur e ~ . Dat e ^ JUtfTOt 

Residence: Hall Green Farmhouse, Hall Green Lane, North R'lQtor/'Z.-Jl^ x 

GB - LSI 7 ODW ■ — ' v:j::X->>/v/ 

Citizenship: Great Britain 

Post Office Address: Same as above 
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